P e t e r H e r r l i c h *, M a n f r e d S c h w e i g e r *, I r m g a r d W ie b e r , and N o r b e r t L a n g ** Biochemisches Laboratorium der I. Univ.-Frauenklinik München Protein synthesizing particles from rat liver sedimented more slowly after incubation under pro tein synthesis conditions. This change paralleled the degree of leucine incorporation which is stimu lated by added RNA. Both effects seemed to be specific.
During our efforts to develop a cell free protein sythesizing system from a eukaryotic source, we concentrated on the properties of the protein syn thesizing particles. These particles were prepared similar to E .co li ribosom es1,2 (see Table 1 ), but they sedimented faster. When studying the sedimen tation behavior of these particles we observed an unexpected change in their sedimentation profile following protein synthesis. W ithout incubation under protein synthesis conditions, the particles sedimented fast ( > 5 0 0 s : fig. l b ) . The sedimenta tion profile changed when the particles were incu bated together with nuclear RNA (size below 7 0 s : fig. 1 a) under standard protein synthesis conditions ( fig. l c ) . This effect occurred with total nuclear RNA from rat liver. After fractionation by sucrose gradient centrifugation ( fig. 2 ) , RNA fraction C which had the highest specific radioactivity after a 32P pulse, caused the most distinct change. This same RNA fraction C stimulated leucine incorpora tion best (Table 1 ) . In contrast to this, fraction A of nuclear RNA had no capacity to stimulate protein synthesis and caused no change in the sedimenta tion profile.
The fact that only RNA C, but not the other fractions of nuclear RNA and not T4 RNA caused the described sedimentation change, suggests that this change might be due to a specific interaction of RNA with the protein synthesizing particles. Earlier we reported that the interaction of messenger RNA with ribosomes is specific 2' 3. The specific influence of RNA fraction C on the sedimentation of protein * Present address: Rockefeller University, New York 10021. ** Present address: Frauenklinik der Univ. Bonn, Venusberg. 1 P. T r a u b and W . Z i l l i g , Hoppe-Seyler's Z . physiol. Chem. 343, 246 [1966] . 2 M. S c h w e i g e r , P . H e r r l i c h , a n d W . Z i l l i g , H o p p e -S e y le r 's Z . p h y s io l. C h e m . 350, 775 [1969] . Table 1 . Stimulation of leucine incorporation into TCA precipitable material by ribonucleic acids in a cell free system from rat liver. Cell free system: 15 -20 g liver were excised from two 120 -140 g heavy Sprague Dawley rats immediately after sacrifice and after cooling by injecting cold isotonic saline into the portal vein. The livers were minced by scissors and homogenized in 2 vol. Tris HC1 0.05 M pH 7.6, 0.025 M KC1, 0.01 m MgCl2 , 0.25 M sucrose (TSS) in a Potter Elvehjem homogenizer. The postmitochondrial supernatant (15000 g 15 min) was centrifuged at 40000 rpm (Spinco L 50) for 2 hours. The clear supernatant was used as enzyme fraction, the pellet was suspended in TSS and dialyzed against 1/10 diluted TS (TSS minus sucrose) for 24 hours, then again pelleted and suspended in TSS. The in vitro samples con tained 6 in 0.5 ml: 0.5 -0.6 mg 105000 g supernatant protein, 450 fj.g dialyzed and suspended pellet (15 OD260 = 1 m g), 0.00242 //moles 14C-L-leucine (165 ci/mole), 2.5 /mmoles crea tine phosphate, 10 /xg creatine kinase, [//moles] 0.5 ATP, 0.075 GTP, 5 MgCl2 , 25 Tris acetate pH 7.6, 0.025 of each of the amino acids except leucine, and the amount of RNA specified. After 30 min at 37 °C, 0.05 ml aliquots were applied to filter paper, which was then treated with 5% TCA at 4 °C for 20 min, with boiling 5% TCA for 7 min and dried through ethanol and heat. RNase treatment: 50 /zg/ml in TS at 37 °C for 30 min. The amount of leucine incorporated is approxi mately 40 times higher than given in the table, because dilu tion by the leucine in the supernatant had not been taken into account. synthesizing particles, the fast synthesis of this RNA fraction as shown by the high specific radioactivity, and the ability of RNA C to stimulate leucine in corporation, may indicate that this RNA is mRNA. The observed change in the sedimentation be havior of protein synthesizing particles could be explained by a release of active substructures like, for instance, polysomes. This possibility is sup ported by electronmicrographs 4. Such protein syn thesizing substructures isolated by sucrose gradient centrifugation ( fig. 1 c, fraction 13 of gradient C) appear indeed polysome-like. The particles without active protein synthesis (in the bottom fractions of fig. 1 c gradient A) display clotty material.
On the other hand, the change in sedimentation could be caused by a swelling or unfolding of the particles in the process of protein synthesis. This would be consistent with the observation that inorg. phosphate has also influence on the sedimentation of these particles 5.
fra c tio n s -----*- Fig. 2 . Sucrose gradient of nuclear RNA from rat liver. 300 jug nuclear RNA in TS buffer was applied to a 5 -30% linear sucrose gradient and centrifuged in a SW 39 at 38000 rpm for 6 hours. X -X = optical density at 260 nm, o • • • o = cpm Cerenkov radiation when the rats had re ceived 250 juci 32P ortho-phosphate i.p. each 3.5 hours prior to sacrifice. Catalase served as marker. Preparation of nuclear RNA: After freezing and thawing, the nuclei were suspended in 2 vol 0.03 M sodium phosphate pH 6.8, 0.15 M NaCl, 0.3 m sodium deoxycholate. After treatment with 80% phenol at 20 °C, the phenol phase and interphase were reextracted with the same buffer at 65 °C for 20 min. The aqueous phase was rephenolized and RNA precipitated by ethanol. This RNA is referred to as nuclear RNA. After fractionation by sucrose gradient as shown, the peak fractions A, B, C were pooled and RNA precipitated. RNA was, then, dissolved in 0.05 m Tris pH 7.6 for use in the cell free system. T4 RNA was iso lated from T4 am 50 ts endolysin infected E. coli K12 20 min after infection at 37 °C.
